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(2) 1#St 2003-5087 5 5 

[mMM 1 ] TGF /? iiXV/t tz JiBMP^#^- & =, i; > ^ £ S 
Ca)0')HECT E3^tf^^-> ij jtr-^fWtfK^ >f ifcliaKU^^ K^Smad^y 

Cii)Smad PY^e ^ - 7 , J |i jj* U ^ Kco E3^ tf ^ > 'J 5tT- M t *t#i- & 
f ^ £ s PY-^E - "7 £ tr X m <D Smacl ^ > , * ? 9 £ jfc jr l T * 3f fcj 4? L X V > & 

c^i)f«»j mmmm differ xm^tf u ^ y^- k 1 »2<7>*° -j ^y^- 

Cb) % 1(7) I'j ^ ~f + yt «o £ 2<^ *° 1; ^ ^ k t <a co V ^ ;v £ & Si" & * -f ? 

immM 2 ] HECT E3^ \£*+y ij # - 4fWW K pt -f >■ ^\ @S^|J 
GPLPXGWEX3 tttGtXYYhXHNTtTTtWXtPt (g£5TJ#^§-2) 

[BB?!l*, tfi»T^ym« (W^if, s, h, p^ e^ t^^Y) 
W£>Xfi»:£LTaSK3 ttTtT^ 7 *383£"?*4] £#A,-e&&, It^l^fe 

[IS^^3] S" 1 ^ Wff'-yfiK gB^ljSerAhr-Pro-Pro-Prc^Pro/Ala/Gly 
-Tyr (@e^!J##15) ( ^ i -cSer/lhr|j -k V > & t < I* h V* ~ > & T 5 ^ 
m^^-e* <9 3^oPro/A1a/G1yf± 7 ' n -jy> T 9 ~ > £ <£ (/^ 'J zs & 

[S3fc£4] Smad PYce^--7^\ SB^IjTPPPAY (@ B ^^16) $ (iTPPFG 



(3) ti2 0 0 3-5 0 8 7 5 5 

[m^tM 5 ] mnmMi) % ^ y v-r h v r;v ?4 fy >j -rt^vM^-c** 

7 t|B«<0^ffio 
1^ IE® coffee 

[3t3fc£ 1 1 ] TGF^ is J: 0=V £ tz it BMP^-ft^f & v ^ 'J > ^ * * v a 
(-i-i)j-tf ^rf-y^HECT E3.3Hf^^>/ ij 55T — if ; £> «fc Xf 

(iii)Smad^ > s^? M% tzlt^?-- y *-&A,X^£ 2> ^W^mfe* , ^MMM 
<7)^#^T"eHECT E3x.}s^^y ij #~-tffc J; & Smad^ >;^f | tz\t^<D^.^ 

Cb)Smad^ > z^^Mt tz \t *<n%tmfo<o ^ tr >it<o ;v * & X -f ? 
^ ; & J: XI 

CO \£^r^-y^t(DU^<)V^ WtWMM <T> ^FJ?feTX*<DZ2. tf ^ f - Xb<7)#M v ^ ;v 
£ Jfctfc L T , Z (V&WzfrihmmMM^Fp tz It BMPfcifti.fr?- ZZs?-}- 

[IM13] J- tf * ^ > -fbHECT E3j. e ^ ^. > .j - nifitmM ffi H # 



(4) Sit 2003-508755 

[W^JJ 1 6 ] BMP^-#^-^-^ v ^ ij y ^ ^ v - b -T 2> MM £ 7 

Ca) BMP^ ^# £ f^Etf & flfc £ #^ ? > g ^ j: 0* tP:*i»J t ^ftfe $ * Z> x 
T y ~f ; £ «fc 

t, £?f%£lj a*BMFa<# ^ £ ^ y ^ tj > ;jr <J5 ^ v a V - * - "C * & j&> t° ^tft 
[W^JJ 1 7 ] Srnad^/ g#sSmadl£ £ }iSmad5-e& 4 , m^M 16 ^m 

immM 1 9 ] «Hia*«- * - o > j £ ^ fMi,-e^ & , fs^ieniafso 

Ca) BMP^ ^ £ l&Si" £ #fflia * ? > ^ £ <£ 0^*1^30 t ® M 3 & * 

r-;7"; £ J: Xf 

Qtiffifatp CO Smad y ^ s? £ ^ ^ }£ ^ ^ y ft ^ V ^ ;V £ ^ #^)& $r > ^ ff & 
m 3 * ^Mffi»J fc*BIJ8&* Smad $r > jj jl tf ^ ^ > lb co 



(5) Sit 2 003-508755 

2 4 ] fflUHaa*- j. - n > t tz JiWfflWa-C* S > m*^21t-|E«^> 

[M^lil 2 8 ] MM^ JGF -/3 ^ 'J > , it*® 

26nfE«co^o 

[ft^ 2 9 ] TGF-^j 4V^ i r/^ ; e'yal/->t4 IHSJ * 

Ca)TGF^ ^^^^m-f^lfflm^TGF-^ £ j t7^II»J t©M HS^f'^; 
£ J: V 

CWjHHflS,* co Smacl ? y j} <o a. fc! r 3r ^ >-ffc co V ^ ;P £ , -WM&u ^ > ' < * ® t « 
j» 3 * SUSJ fc ® JS 3 * tf* o fclfflflk* <D Smad ^v^Jfo^tr^vfl; 

CO U ^ )V fc itm LttffiL, * CO fir ^ l§^»J j&*TCF- ^ gity ^ T J 

[IM3 0] Smad^>^^g^Smad2j ^(iSmad3-e^^^ it^29^fa 
$ccO^"?£ 0 

29nie«^^ffi 0 



(6) Sit 2003-508755 

[«^U3 2] BMP^fl^-^^^ij yyit*=V^ V- Y-f&MM*^ 

ca) bmp^ ^# £ * aiia * * ^ * si *s * c^sMtaiao t mm s * * * 

f^; & J: V 

[MMM 3 4 ] tt^- a - n > i fz iif«t^ & % fS^^32j*|E3ft^ 

[ft >ft 3 6 ] TGF-£ *«#^ Sy^t'J>^^^ya^-ht^ MM * 
Ca)TGF- ^ fc^f & « ^TGF- ^ ^ J; ^fgH$j tiM?«Xr^ 

; is 

^V/^StfilftSi^ ffllk* <7) HECT E3 tr * ^ > i; - -tf f&14?> V ^ 
[If*:® 3 8 ] Jfflia*, HECT E3^tf^ > T J Jf-jfWt K^t ^ > Smad FY 

-t7 ^ --^tc7)|*^$•|s«-rs^^Jt^g4?-^^^^:^^^-e^^, * ^tgf- 

[If ^3 9] Smad PY^ ■f- — y ^gg^ljTPPPAY (ffi^j#^-16) £^A,-e£ 
[ltH4 0] Smad PY-t ^- 7 ^gg^jTPPPGY (@S^iJ#^-18) £^A,-e& 



(7) ti2 0 0 3-5 0 8 7 5 5 

[W^JJ 4 2 ] Smad^ y ,«?^ g^Smadl£ f- { ±Smad5-c& 4 > |f^41^fa 
4 3 ] Smad^ >/^^g^Smad2^ }±Smad3-c& & > M*® 41 ^fE 
[M^II4 4] HECT E3jrti^^>- ^-4fVWl/K^ -f > t Smad PY^-7 

[1$S4 5] Smad FY^^--7^g2^ijTPPPAY (@e^r)^16) 

® & a * m^- k s^- -r & £ t «■ ^ ^ -e * & , mm * * jw mi- * # & 

[3&3fc:®4 7] Smad^y^^g^Smadli^^SmadS-e^^, St;«46nf E 
[M^U4 8] HECT E3a.tf^> >J ^ - -tf »W K ^ >f > Smad PY^-7 

[Wl$im4 9] Smad PY^^-- 7 ^@e^ijTPPPAY fc-fr^fc 

[1M5 0] Snad PY^^^ 7 ^gB^ijTPPPGY (K^rj##17) 

[W^?S5 1] Smad^r y Jjo^tr ^ yfb* |fi#i- 4 i£iJE±# 
3»4iS:lti:S4t£ i t , ^+ ^£ TGF- ^ f £ ( j BMP^^^-f 

[MMM 5 2 ] Smad^ y,^ j}^Smadl£ fc|iSmad5^4, ft*£ 51 fcfS 
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[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

itjsu £TfTtfy-^7,ftt*<Dm*f£mmMtttmm-?2>&mt? 

y/t?'8.<oj<z%t£7 7 5 'J -"e&& 0 TGp -/? te TGF -/? 7r? 'J -co^^t * 

^f-co -b y h <^)|&3SSrt&14-fk* «t CP/* tijtpffl-*- Z>=/?^r M£^# * ^ - K K X 
, >f > t if y & j: tf#BJifc * > /•? ? fi (BMP) &^\f hfr&o BMP^s#^-r & v r 

[ 0 0 0 3] 

TGF-^ ? T 5 t; »±— jReQJC, fDtf§ftt^t^iti:J: «9 5/ 

& Smad^ ij >iHti~-£> (Heldinp, , Nature 390:465-471,1997; Deryn 

ck£, Cell 95:737-740, 1998) 0 l^fc, BMP^BMP-t ij > / yu* ~ >JggJi 
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[ 0 0 0 4 ] 

'J -$^#^<7)v-^)V£{x}I1-&o * W^f^Smad? r 5 ij -<7)^ 
f±, ^> a ^7 v a >7Ax (Drosophila) jtf^, dppizffr^ ~?^f~ Cmad) t co+i |WJ 
f£t::fc)V>T|5jjE£ fi, Zs- 3 y V a v /tjcdpp> ^ frfcM&BK $3 If & £4K*. 
V J V b £ rr— (Sekelskyf, , Genetics 139:1347-1358, 1995 ; Newfeld 

Development 122:2099-2108, 1996£^HB) 0 Smad^ y r\>? j^ltt^, 

-f >n J: *)mWL-3tfhtiz>o T<yMmvj^y (MHIk^ 

[ 0 0 0 5 ] 

c\KtX\ 8o^Smad^ > gtffflfeZ fl, TGF-^ y r $ ij - j j; 
«2S£ *L£->^;V]£^H#M1"& ^ t/6 s ^£ tlTV^& (Kretzschmar^ J; ffM 
assague, Current Opinion in Genetics and Development 8: 103-111, 1998^ 

#M) o itLfeoSmad(j;3oco^^^;v-7'^E^Lo Iocd^jw/ (Smad 
1, 2, 3, 5^j;ff8) {iTGF-^ 7 T ^ 1; -^^^^--tf^g^XK-e^^Smad 
£#fro #^)^)V-^ (Smad4) {iE^<^)^##^®^(i^ V*j&«, 
ft 3 ft&SmadKig^LT^^ 1 ; >^"^#JD"J"* anad *'&'t>o Smad^flHcT? 

(Smad6£ j; y?Smad7) f ifl^c^o <r> ? ;v- -/^Smad^^t^k^ ^ 

[ 0 0 0 6] 

Smad^n^TCF-^ 7 r 3 1; - * y (7)lS&i:^W^|gfl^tt & 0 TCp - 
p 7 T ^ 'J - J >^-Ktt LXmfcZ tlfcSnad^ y/t? ^<7)tpX^ Smad2^ j; ffS 
madSfiTGF-^ > ^ y > ^^^t LT#M8*J"e&& (Heldinf, , Nature 390:465-4 
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71, 1997) 0 ifrmt L Smad2£ J; Smad3{i ^t® co ^ -r -f * - Smad4i: ffi^ 
ftfflU ^Lt^^liL, fit, #^itfS^co-b^ h ^miS-fti"* (Heldin 
fc, Nature 390:465-471, 1997) 0 TCF-^j&fi, Smad2j3 j; tf/ £ (± Smad3(7) 
S#iS'l4<t: £ * . 7 ^ ;V|fi# * > /•? * Jf Smad6£ j; Q«Smad7£ f IJ ^ L T -> ^ ^ 
?<ViEmmt)*^7>X-t2>o BMFa«#4hi-£ v^tMJ >^<^ii#»-»±, BMP 
tfsBMP^ # 1 L fcflfc, Smadl^ J: a?Smad5^^£ 3 *LT 'J > Kffc $ 

tL^o iftkO^V/^®*"; fBMfcSft* anadltSmad5(iSmad4t*^^ 

*»b 

[ 0 0 0 7 ] 

Smad2t Smad3 { ±^^HT-i: LtftHtt h 9 ^ffil&ffcflm (Zawel £ , 

Mol Cell 1:611-617, 1998) ^ Rffiftl* £ *l fca^fc-ffe^H? fc 

Derynckt,, Cell 95: 737-740,1998) 0 0t^cOMM -r&iffH&^TGF-^ 
(interplay) SfcJi^n^h-^ (crosstalk) (j, j^<^#T^9^<&ittUlfi, 

* & o tgf-^ &mm-f &z/¥~r v > ? j* ^ smad v /w-eRasj&Mftfr-*- & map^ -r - 

•lfj&f&* «fc yaak/Stat^jgg. £ ^ n ^ ]- -^T<5> £ t^ffiS tLT^S (UHoa*, , 
Nature 397: 710-3, 1999; Kretzschmart, , Nature 389: 618-22, 1997) 0 

[ 0 0 0 8] 

LTl^iClS^^fl^iDI) (Cunt,, Cell. 86:531-542, 1996) 

o TGF -/3 P 15 is ct zfp2if £ t<D^r^ ? v yfam&* y^^t - ^mm 

T&ZtKX *)Mffi l f&&W±*&Z-rZbtf^ZtlT&*) (Hannonp,, Genes De 
v. 9:1831-45, 1995) , $ fc, fflflfr^TGF-^ Kl^l" ^F-^ <7) ? 4 f H^## 
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$Zj&%tm*$RffoV>m%HktflM&%M2 J £Z> (Markcwitzp, , Science 268:1336-8, 
1995) 0 anadjt^^^gE^ji ttzmt ^ilLTV^ 0 »:07v INS fill 

■KWJ^ ganadZ^Js&ge^jfr^-*-* it^ffl^JitV^ (Eppertf, , 

Cell 88:543-552, 1996; Hataf, , Nature 388:82-87, 1997) 0 Smad4[jt t hp 

*,^it^?tiT0^ o Smacl3^^^^^^x{i^^'r4|£J^EJi§^S^|&mL (Z 
hut,, Cell 94: 703-714,1998) , Smad3^t hj^mmK&^X, 

4£fcKeffiMfr*£fctf«^iiE3*lTV>a (Hojot,, Nature 397:530-534, 1999 

ttL 0 <£> 0 

[ 0 0 0 9 ] 

tgf-^ & a xfWPtfw-fr-t&i/v^ »j > ^&&#£<^M{*sff?£ *lt^& 

>^SE&c7)S fj^-SfiH^I^So lot, TGF-^^s iC^BMP 

[0010] 

^■fe^^-T^o *4#5e<OTg»^*^T»4, *e>«fc ? fc^ffili, (a)(i)HECT E 
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gg^fl:*, #A,-Cfc;&fSl4>#iJ ^7°^ K ; Cii)Smad PY^-?, £*:fi*°U^ 

; id icKO^^v^;^ ^It^JiJcD^^T^^aSlcT)^ 1 ; ^-7°^- F<7)^ 

2ct)^° v^7°^ ^ :/£^a,-c&& 0 

[0011] 

HECT E3o. tf^r ^ V T J 5£T — 1£ ; cfc y=Ciii)Smad^ ^PY^- 7 

ifttS^f? 7° ; (b)Smad^ y,*? %$fcft*;<og£&fr<z>x.}£*<f-yfo<o V 
^J^ftgn^r-; 7° ; £s J: t^COatr ^Wk<7) U^JV£f£*t*SI<W#3t 

[0012] 
[0013] 

t ^ftfe $ ^ o Ttlffll^ft 3 ^ Smad^ > ^ go. e^r ^ >{£<D V ^ JV t Jt^ L T 
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[0014] 

^CWlffll^F^^HECT E3^rtf ^rf-y V if - -If $&1£e> l^JV£, ^ffi^J<7)^#^tT 
-eTGF-^ ^ J± BMPt $ -frfc*BUI&* <7)HECT E3jr tf * ^ > <J -tr?£t£<7) V ^ 

;vtitieLT, ttftif s x T 

[0015] 

WK^ ^ > t Smad PY^_ 7 £ <^)tS#*E# Lis =t Zf/tfz fiSmad^ y f(7) 
[0016] 

3 f>&£jitt^£iV>T(±, #5&IKJ±, HECT E3.3. tf * > 0 ^--tfWWK^ -f > 
^Srnad PY^- 7 t^^ltLJs <t OVi fcfiSmad? Jfo^lf 

[0017] 

y t Smad PY^- -7 £ <Dffi&% M Lis <fc S liSmad^ w?^ gc^tf 3r 

+^&tgf-£ t tzitBMPtfWfr-f&m&z/yj-v yyKmm-r&mviz^ffiztz 

[0018] 



(15) 1#St 2003-5087 5 5 

[0019] 
[ 0 0 2 0] 

(triggering)^ ^^tj ^^(i^tSTCF-^ 7r ? 'J >/^-HJ; ^SfaHS 

2f--tf^&£;|fi <7)Smad^ y^? ^ ^ ^ py^ ^- - y C^LT, fl^Smadco^. tf^r 

HECT E3 WWK^t ^ > tSmad PY^- 7 COWCO^S^^ ESt &^3fl -|£fitlK s 

(■*" Smad^ y g ) 

[ 0 0 2 1 ] 

&i)W&fZin& (Mi) o i^SKWt, a-Td^f-yfrx'T- Y l ceo 

o-if^^^-AMP^rafr^Bfifc-r^o AMP(iE^|4^^^^^ >CJ:f)f llx. 
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fcco V^-r^fV^fe^Vf + 'f-V tl# * > ? M (E 2 )<Dl&\tk3&<r> v 7, 7- J y K ^ 
tf#f->'t>5>'^7r-?iiJ:9Ktao i CO > 9 7 T -cow, o.e^r 

> < & co # & i4 i ± n *& * x u r if is * & t> & o « & 7v § & *i st <r> a. tr ^ ^ > -r t 

fitted ^ If ^r^> * ^Ci «9 &5e£ tLSo 
[ 0 0 2 2 ] 

*K*ffl#H^^T, HECT E3onf^^>iJ^r-^f|i, «#;V^>-»Ky 
yp^\Z HECT (E6^;v,J?^->^5^S(i|tfflra) SE^J * ^ tf E3 ^- M > 'J # - -If Tr 

[ 0 0 2 3 ] 

(Y/F)X 12 -3,YX (S -, l) WFWXI(V/yL)XsEX(K/R)X 3 (iyV)QF(V/L)TG(T/S)XRLP 

(LA^/M/A/I)XGFXXLX4-io)IX7-9)LPXXHTCFNXLDLPXYXSX 3 (L/M)X 2 

(R/K)LX 2 AIX(4-6,F 

(mm^- i ) 

[ 0 0 2 4] 

^(7)HECr E3jLif^r^> V — 1? JCJi, t £ fi\ WWPl(Pi ro 
zzif,^ J. Biol. Chem 272:14611-16, 1997) ^ E6-fl||jg^ y £ (E6-AP; Huib 
regtset,^ MoT. Cell. Biol. 13:775-84, 1993)^ Rsp5 (Huibregtsep, > Proc. N 
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at "I. Acad. Sci . USA 92:2563-67, 1995)^ £ J; ?j?Nedd4 (Staubf,^ EMBO 3. 15: 
2371-80, 1996)^^ fi& Q j^HECY E3j_ \£^-^-y 'J if- -tf fi£ft]<7) ? y^$ 

m k ft-r %> <Dmw&& x &/* tz \t hect e3 y # <Dmtmm±<v&fc k & 

^Uiio ^i^igl^l^li, SS^Ut^-^^-^ (tizbx-ii, GenBank) 
<©«t|?-C*4o ^^^Ki»^0 75A (fc NCBI BLASTj£f? 

) ^fflv^Ttf 9 £ SSl^JK&BByflEI— fkfc J: Of/4 £JiMH4£^1- 

?>/-?^Sf^HECT E3t; ^-^oD^|itr^>^o HJ ^^y^- 

7*'J r-f -b*-y 3 >^fflV>?tM(i, HECT E3rj if- -{f <7)m& tfSi: 

& 0 £<z> «fc 3 ^oohect E3j.e^^> 'j >y--tf (ifc(i*-<o— 

SB) MS^U^-^^-T 7*U ^Xt^fc^t:?^ ^ T J - ( cDNA^ tzMf S A ) * 

-^-f7'J^€-ya>*#tLTit 1.0 X SSPE£ fctfSSC, 0.156 SDS % 50<C 

tfmfbti&ibK ittt-ffiSStL&v^o @B^JM1&f££ Mi" & refers fcfcBll*) 

[ 0 0 2 5] 

SU<^&iLT, 4fc»ii*L^iJ|Ix.'r, MT^-b^*. HECTE3^tf^rf-> 
'J*"--eSrraS£i"4fcie)^ffl^*it**-Cg4o iitCTf-b'fli, Smad^ > 

t>gB#) (^i^'iSS^^^ttiit&o £«o J: o 47f -fr>f \imm%K&%\ 

V7*V Ts-fV-^-l 7*7'J -<7>*^ tj - ~ > ^J&^lf P)*L4 0 i*Lf>^3 4^(7? 

7t:tx_fi\ Sambrookt> N Molecular Cloning: A Laboratory Manual, Cold Sprin 
g Harbor Laboratories, Cold Spring Harbor, NY, 1989; Brachman,^ j; yfBoeke 
, Current Opinion in Biotechnology 8:5661-568, 1997; 33 J; xf £ fl i~, <r> t£> "C 

Slffl 3 ttfc&SUtlft) o ffi««i7y -b>f £HECT E3j. tf^^- > ij if- Wm<Z> 

x-^^^-y y y y 7, y t -m^W^-f & X 9 l-smi - * -H s tHo i<o«t 
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'**RftMTy*>() *m^xmiMZfr& 0 HECT E3jLtf^^->ij ^f-^ffi-co 
[ 0 0 2 6] 

Smad^ V/^^JKi^^anad^ jj fcfflH-cfc V) (-T&fc*,, MH2 >^ ^ 

^(7)TGF-^ y 7 3 <J -<£M ✓vt-fciSLfcV*-* 1 " tlfrWT v -k>f £fflV>T$IJSL*: 

SfcttEWi"*) o #H^^V^Smad^ >/^^g^{4. Smadl (Hoodlessi^ Cel 
1 89:1165-1173, 1996)^ Smad2 (Nakaof^ J. Biol. Chem. 272:2896-2900, 199 
7) > Smad3 CZhangf,^ Nature 383:168-172, 1996) N Smad5 (Liuf,^ Nature 381: 
620-623, 1996)^ Smad6 (Imamurat^ Nature 389:622-626, 1997)^ £ y r Smad7 C 
Hayaship^ Cell 89:1165-1173, 1997) £ ft & 0 L^L£tf> 5 £>, ^iltC 
faf<£ft& 4 9 ^ PY ^^- 7^-^-frSmad^ > ®"C& *Ui*V>TtL *|&K<^* 

[ 0 0 2 7] 

TGF-^g 7 7 ^ij -<r>^ >;^HM? -> ^ 'J > ^Hy^ V- hj^&jjjgjfl 
co T y -b -f 

TGF-^ |3 j; oVf »4BMPjc#^r? *L4 V ^ V > ^\ ££(41 J^_hc7)#(7)TGF- 

-b-f is 4 LFin vitroco 7- -7 "Cff V^#2> 0 -HKl&fc, - 60 4 9 & T y -b-f (4 , 
CD HECT E3^if 'J jf~jfWi}?j 4 ><7>Smad PY^e^-- 7^ct)|*^ ; (2) Sm 

ad^ >/N°^^coE3a.li '.*^y >J 5CT — 1^ KX & J-t"^rf >ft ; C3) Smad^y^Jf 
<Z>* >v?^ JHWB (fctx.tt\ Smad^ y,-?^ %<DMW&V'<)V<D t m.wL\z. 4 Z>) $tz 
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f ± C4) hect E3o. tr * ^ > v # - -tffim i^ts man <Dftm& if ffi l & < t ti & 

ib&v> 0 Smad^ y %\z.f^"h T y -te-f BMP^#^$ -> ^ 'J > ^ 

£ v a V - M" -2, ig^g fi , Smadl£ fz It Smad5 ( $ fz it &nadl£ £ \t Smad5<7) 

ya^fn »J f* , Smad2 i £ ji Smad3 ( J (4 Smad2 4 £ jj Smad3<7) 
[ 0 0 2 8] 

3> tf^ >'J7jv7^ 7*7 u -<£M 1 Ltgftt* i fc^gio 
k t tz itm^m kx? v tmm s ft «t ? 0 

[ 0 0 2 9] 

ISMSaSj&Jtf), HEC1 ~ E3j,e 1; ^-^fooSmad^ ff^c7>;f±^£ |WT 

J|^i:ov^?)M^X7 U --V'^Ofc*^, in vitro?) 7 y ^ &/BV>4 
iH s ti4o _kf£c7)J: $ K, ^^<7)W?S^3ilST% i<^jB^Ji, HECT E3j. 

£tL& v^:MJ >^ (-T^fc^, TGF-^ > BMP^ 7 ^ ^ e > £ j o?/f (4>f > i: 
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a >i-*aiai*i^5S"c§ &<> =t ^ -b>f fiumesjfcwt, hect e 

3 WW}c^ V^7°^ K* fcli*-<E>gE^fl:fc, Smad FY^e ^- — "7 S: ^ tf 

jK 'J ^ -7° f- K £ «t 0 s <7) £ co H <r> IS ^ ft -t & MM <?> * fFflfi 1" & 0 
[ 0 0 3 0] 

HECT E3 WWKjt^f ^KfflSfciS^-CfllV* 20~22 T ^y^^ 

Stilfc 2 oco f U 7° b 7 r >^3fe£^tf ( M - Sudol, Prog. Biophys. Molec. 
Biol. 65:113-132, 1996£^ra £ fif z ^) , ^fflSt-IEftS *L&3ffi»J Smad PY 

Lv^IMIt^^T, WW^^ >J±TfBO*alE?ni*JSf/ii-o 
[ 0 0 3 1 ] 

GPLPXGWEX 3 tttGtXYYhXHNTtTTtWXtPt (@£^J#-5§- 2 ) 

*-at-e*t,e>twt, &srfcs^3 fit Steers yf^l (fctitif, 

H, P, D E, TffcfiY), h(ij^ 7 ]ct4^ (fcfcxJ*, I, V, Ljfc(iM)-^*l9, X 
[ 0 0 3 2 ] 

ft ^ftj 4 HECT E3 a. kf * ^ > V if- -tf WW p j ^ y \z |i , SPLPPGWEERQDILGRTYYVN 
HESRRTQWKRPTPQDNL ( t >- Nedd4 ; aB?0## 3 ) , SGL P PGWE ERQDI LGRTYYVNH ESRRTQ 
WKRPTPQDNL (fc > Nedd4 ; ^#^-4) „ GFLPKGWEVP^PNGRPFnDHhmOTTWEDPRLK 
IPA (t j.Nedd4; gg^jj^^- 5 ) ^ GPLPFWEERTHTDGRIFYINHNIKRTQWEDPRLENVA ( t: 
]^Nedd4; KM IN? 6) > GRLPPGWERRTDNFGRTYYVDIivlTRT^ (^^Rsp5 
;E^!I##7) , GELPSCWEQRFTPEGRAY^HIWTTTWVDPRRQQYI (^-®Rsp5 ; @B^[J^ 
■^■8) > GPLPSGWEMRLWARWFVDHNm<TTTWDDPRLPSSL (^^Rsp5 ; KMH^ 9 ) , 
LPSCM^EQRKDPHGRTYYVDHm"RTTTWERPQPLPPG ( gg^rj 3^. 10 ; WWP1 WW }? $ 4 y 1) 
N QPLPF^ERRVDDRRR\AWlHimTTTWQRPTMESVR (E?IJ#-^11, WWP1 WW p ^ > 2) 
GPLPF<]WEI<KVDSTORWFVNH^^T1<^TQWEDPRTQGLQ (@e^|j^-^12 ; WWP1 WWj^^f y3) 
, £ X ^EPLPEGWEIRYTREGVRYFVDHNfrRTTTFKDPRNGKSS ; WWP1 WW f? ^ 
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jK 'J ^y^- Kfi, ^^<7)HECT E3jLe^rf-> U WW K -O * -g- tf <7) — 

H^Smad Py^^~yK^~t^mt)^K Xm^VJ << VWM t itm Lt^ 

[ 0 0 3 3] 

Smad PY^- 7t±PPxY ( Pro-Pro-Xaa-Tyr ; gg^jj x*> 

J: O^Xaaji ir*, £ >i>V>1* *1<Z>T3 yStU^) £^frSmad^ y,^ g<?}10~14 

*L&HECT E3j.tf^^> tj ^f-^fWVKpt > K^ffi TO K^i" & 0 ft^lftfcSma 
d PY-t^-^ji, t x. Smacl i , 2^ 3^ 5^ 6^ £ £ zf 7 CO ^ Kftfc-T & 0 Smad 
PY^e^-- yitUt L < l±, ^t®@B^ijSer/Thr-Pro-Prc^Pro-Pro/A1a/G1y-Tyr (gg 

Pro/Ala/Gly^^n U T 9 - > £ J: TF? 'J V > J: *) ft 

lKIII4t4) ^^^TJi, PY^e^--7(4ffi^!jTPPPAY (Eyij##16) , Jf^< 
{4 PADTPPPAYCL/M) PPPD (Eyrj#-^17) £#fr 0 Smad2# j; ^ 3 (TCF-^ £#^3 

v^jv^gKiw-s--*-*) ^isv^Tti, fy^^-- ^(ise^TPPPGY 

18) , jJ5 L < fi;TPPPGYCI/L)SEDG (@^y##19) £#fr Q Smad PY^ 
trtfU^T^KMU fctx.tf, ELESPPPPYSRYPM (gS?0#^-2O) , GPESPPPPYSRLSP 

(Eyj##21) , PADTPPPAYLPPED (gg^jj^-^-22) N PADTPP PAYMP PDD 
) , IPETPPPGYISEDG (^^24) J ^AGLTPPPGYLSEDG (@fi2?lj#-5§-25) 

U^^KIi, ^S<^Snad^>/-?^ J}, PY-t-f-- y ^^^<D~ gR, 4fcWU 
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[ 0 0 3 4] 

r^ms&fi, mmst, «t£, 

5 y R K »± T J > £ «£ v t ;v *~ - y in, £tt L Ii7jct4ffi ^tt^fib 

if 'J -> > £ =fc Xfr 7 ~ y ; T7s^7 3?yi5£Zfi?)v?^y ; j3 =fc tf-tr V > . x v 
^ ~ > N :7^~;VT9~>£sJ: O 5 ^ n ~> > tf s ^ J 0 &&$b$L4t<OW t & 4 ffi 
^T^I^lCli, CD Ala, Pro, Gly, Glu, Asp, Gin, Asn, Ser, Thr ; (2) 
Cys, Ser, Tyr, Thr ; (3) Val, lie. Leu, Met, Ala, Phe ; (4) Lys, Arg, His 
; ^ctr>'C5) Phe, Tyr, Trp, Hi £ *i & 0 SfcWti 

-com k «/h ®k.<r> wm l^z-k^t^ ;m<vx&$tz \*m k & *) mm s at 

[ 0 0 3 5 ] 

. IBfi^^oTi fclilBUftK* >v^y®cD h 9>y. 7 r^SrJgj^i - *, 

fife, jfeKSfcW: no turn's) , ^/zit^v^y 



(23) ti2 0 0 3-5 0 8 7 5 5 

[ 0 0 3 6] 

&o ««K^>f >*°<J^:/?- KfcP^E-^- 7*°'J^^f- K(7)®tt^ia 

•b^ft*o 1 ■otf>#* Lv>*t#T ^ -tr-f li, ±I2(7)J:^&, *° 1; ^ y^f- Fco— # 
»±^)W©*' U ^7"^ F<^??q££4£ffi-r& i t K X *) „ 3£^£ T yt4-T 

LTtzKU^y^- F^m£IEjt-r£>^£^A,-e^T& iv^ 0 ^KWt, fcT** 
) A*#i*L4* s , i*te>l-RBSS*t>5rV»o — ift&fc, WW}?;* >f > jtf y ^ 

[ 0 0 3 7] 

^lltLT, — ^^^"T^ F (T&:b*>, >f >*°'J ^7f- K4 fciiPY 

^f--7*°'j^ f f) wt, ###Hftffl5ifi;ffl k «t *) Oct*. «\ m VTs^-vy 

, fcfcAHT, *"nfV>7'y -fe>f 7*1— h (Costar) £^ 200mM^,^y 7 7 
- (Pierce, Rockford IL) t£-c\ 0.3-30^ g/ml_co$EHcDiift?)* 0 U ^ 7*^ F t 
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eenj^y y T ~ (SOrrM Tris pHZ.5^ lOOmVI NaC\ IjtM EDTA^ 136 BSA > IjtM DTT 0. 
1% Tween20^ ^nf7-H EtS * ^ 7" ;v ( Boehri nger-Mannheim)) -e^ j£ 

i-^o Ki±«SftS*t (fckjLtt, tftf-Mb) > HjSTCSft 

rt: x ) ^ K J* *l# S * S (fcU fi\ Tris/Tweeiv* «, 7 r - ^#Mfi L , 4 

PBS/0. Writon XlOO-eft 0 fi^fr, fc x_ I*, 7 7t^x)^ 

"C 1 , DELFIA7* -fe 4 ,a \y y 7 - /0.156 Triton XIOOf^ -^1^ g/nL(^a.y n tf 

^AS(»Lfc^>U^hrify> (DELFIA; Wallac Oy, Turku, Finland) ^ j; 

£ PBS/0 . 1% Triton X100-c^ L TH£*ir Z> 0 ^ ^ n feT y A ^DELFIAjg^-? y 7 

DELFIA 1234 (Wallac Oy, Turku, Fi nl and) y ;p ^ n ^ — ^ — $rffl ^Tff 9 0 
[ 0 0 3 8 ] 

&$|M£<?) loli, pGEXKG^^- (Phanningen)^^)PKAgUf£-e^ 0 -c. a~[ 32 P 
l-ATP^j^Vn-r^ y*ci — -fe-A (Sigma) SrJBuTS&W-Ci 4 e JdU 

fcfeco 1 o«ff i LV*3EJHM±, neut ravi di ny n — j^. tf — X (Pierce, Rockf 
ord, IL) -c&&o B&lt, -hffi^ct 0 ^ 
— Jj — KXfltc PBS/136 Tween20^ ? 7r-tT, 4 T3 "CIS* * Bfffl rt: o T-4 

fi^*** ^k^-e ISJ:^ K § S £ t it m h j&>-C£> £ 0 

[ 0 0 3 9 ] 
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srtfcffiflrtifcRMF* fcufete-r&mMit, mm-te^-c^-p y r * u > 

o 

[ 0 0 4 0] 

^coin vitro^T- ^ -fe^f ft, E3^rtf > ij & J; fz i4Smad<7) jx tf 

(ii-CJi, Oitf^X^El^j^^ £ J: CFE2^ £ E3^cr> h 9 > * "7 r - * Sj e 
-^-S^S) &Um-r& £ fc^Tl So ±|fi(7)T 7 -fe^^(iEl/E2/E3^(7)# 
It^-i)o x. El*3 «fc O^jfc^ (j , E3 y # - -if n y -y ij y ^ 

ti^ir^vtLT, $f ft&il ( tz t k. ti\ BostonBi ochem , Cambrid 

ge, MA) ^ £ Aft £ £ t W~C § £>o ifetJIkfcflfcS fltz^}£^^ > J4, E J2 P]- 

'j > M<7) a -[ 3 2 p]atp^ e, gst-jl e * ^ y ife^ * y s*? M ( pgex kg §£51^ * * 

-) c^PKAf|S^<7)PI<^^#^^^i>^l9^<^c7)J: n II*65^Sl^ffl^Tg 
t^"CS4o 1 o<a$f£ LV^tf^rf-^T v-te^rtv 7 r-WU 50mM T 
n's PH7.6, ImM ATP, 0.2rrM EDTA, 5mM MgC"l 2 , j- COSMSI t: n *;7s y r ? 

— , 0.005% Triton XIOO33 j; ya^ ^ ^ n ^ sff V y (staurosporine)-?^ 

o 0.030mLc7)KtSm^^> J: 9 ^i^EM^^^fr^^f S 

; 50— 200ng El, 0.1— 1^ g E2, 5^ g GST-^l tf "^r-f- > (BostonBi ochem, Cambrid 

ge, MA) is <fc O f 50~200ng E3 C Rj^^^^frfc *U 7 )Vfj y" 9 y fr^t £v>SDS 

-PAG En -r-i y ys* yyy-Kl^) m% KB (iSDS-PAGE^ j; V) frjft l 

tJDx.Tff9o Snad^y^? J^^e^WfcfciHfeTfcfci&fc, KJ^^Smad 
jffij ^T 5 ^- K^JPx.^ (Hershkot,, 3. Biol. Chem. 258:8206-8214, 1983^0 
M^tltz^) o uilfeO?*;^*?^, -fe>f ^ 100- lOOOng^o 20S-7' n 7- 

7* V — A (Boston Biochem, Cambridge, MA) ^^19 $stf £ £ ^ <t > Smad^ > 

[ 0 0 4 1 ] 
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trfcktf, ^fi^Snad^y/^lt^ot^, 4 *i*SfiB0»f * S4 

t^S$^2>o fctx-if, ^tr^^ftii-ttttK, HEcr/v*^^^coioo T = 

^rf-y; 2f--tfii. 'J # - f £65 WW k ^ >f > & j; o^HECT f ^ > £ , 1 
ft?)Smad? >v^ff£^tf ^rfWkt^^ t> if , 

[ 0 0 4 2] 

Jii: 3&«T «t 0 & T -7 -b-f W\ TGp -^ 7r^ 'J - j* > 'J F K 

mmmK^xit, mm^-^nn/x\tm^9y^^m ( BMp ) 

%WTZ><> BBn<7?BMPg^fc£ Ltli, ALK2^ 3^^«^jf P, tLS (Attisanof, 
Cell 68:97-108, 1992; ten DijkeP, N Oncogene 8:2879-2887, 1993£ ||HS£ 

*LfcV>) o li^n^TGF-^^^T^f-^ Wx.Jf, Attisanop,^ Cell 7 
5:671-680, 1993 ; Attisanop, , MoT. Cell. Biol. 16:1066-1073, 1996 ; Ebner 
P,^ Science 262:900-902, 1993; Li nP,^ Cell 68:775-785, 1992 ; Mathews^ xf 
Vale^ Cell 65:973-982, 1991 ; ^yfTsuchi dap, ^ Proc. Natl. Acad. Sci . USA 
90:11242-11246, 1993 { -f E ^ ? JiTV^ 0 0S (JM^BMPjUiTCF 

-/9 5&^»»-jy-LT^«s tt^^#^fflv^) ^«&fn^s9^ffi*M^, mm^ 

-^LT^&BMPg t < (iTGF-^^g^ilS^ «fc * tfS XiiBMPgL < fiTGF-^^ 
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[ 0 0 4 3] 

TGF-^ 7t5'J-^ >>/*-£##*!&3g-^**ffll&tt, #5e<7)fflJ3k^ -f ^^Jg^O 
^TGF-^ y 7 = v - ^ J: oT#^3*L4lfi^l«fcfe©7 y -tr-f <7) 

fcfc £-r<?M;:-h^£»<7)TGF-/? 7r5'J-^ 

Ski-^o -E-coJ: ^ ^*fflJ3^BMPt co^^fi, agtfb (mineralization) t^tt 
It 1 0 0 n g( 7)BMP^2-2 4 Btffi^Bi! $ -£* £ £ 14, fflfl&^tfctil"^* V 

^)V(d bmp#^ > ^ ^ v > ^ ^ 4j ^ -r ^ -h^-e* & o 

[ 0 0 4 4] 

, -nlk, mmmmo 1 ~ 5 0 0s uv> tgf- 

l?77^ 'J — ^ ^^^-^TGF-^Xt^BMP-e^^o 
[ 0 0 4 5 ] 

TGF-^3 7 T 5 tj - ^ ^/^-a^^HKiai t O^cfcfe^ TCF -/9 77 ?'J-^>^' 
-i^f^Smad (0$u<ttSmad 1, 2, 3, 5, 6Xfi7<z>##) £ 

7-;WtS 0 J£lTt-RS5SS*t>5rV^«, (1) Smad ?y^?%\ (2) Smad ^ 
y^?%<D^y£. ^c^-yit ; X\t (3) *HJl&4 , o HECr E3j.e^^> y *f--tff£t£ 
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[ 0 0 4 6 ] 

t^-eiio 5 ft^r&fi:, a*, smad * 

Kit, -tiSLKMa&ZmML, i*ILfc'MWliiMLtv^^>i»^fi; 
[ 0 0 4 7] 

;V (Antibodies: A Laboratory Manual) , Cold Spring Harbor Laboratory, 15 

88£#H8£*i£v> 0 ^^mmmmx-it, r^-tr^t*, smad ?>'*?MKm&L 

fcJB#»J<7)ffifflSr#t>o ^v>-c\ fif#?tLfeSnad y*°-^X 

it^T'^o «fc 0 ^^m^mti, CTx.tf, Smad ? > RKftm#}Kl& 
&T2>tjifo* J frtrZ tjl»"fS4o *4VMi, Smad ? Jf Xli*-OgB#* 'J 

mad 9 y ^^'S.oymUt^^o 
[ 0 0 4 8 ] 
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? M m % )*<o tr - X x (4 7* -f * * -e * o t & J: v > 0 # ^ £ '-^tiX E + ft K f 2 

« s *lt ^ k <r> ft ^ffi * ffl v> t s#5:^#:± n e^-aa * s 

tiit^lio *l&K^fi^T»±, ^ TH^b (irrmobilization) j j± 

iLv^ 0 iRJtttSaft^^^r-^Oiti^SJSrJaaftl^M (il 

o — HkK^ 9 W<< ?u?s( Y (Wx-tf, *° T J 7, V > X 

li*K'J tf~Jl^n'J F) o^x^t^] 1 0 n g~$Jl 0 // g , if 4 b< ti#tl 1 0 

[ 0 0 4 9] 
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[ 0 0 5 0] 

Smad ^ >v^ gco^tf ^■■^■yit V^JWi, tT Vffc^ ftcoft^U* 
[ 0 0 5 1 ] 

liilJl&^oHEcr E3^e^r^>v ^--ifflmji, ^m^-jMkjhv> e>*i&# 
ji.tr 3f-<f-yikT -y ^4 <D^~ftifrte£ &<> ^<dx out? -tr-f 

f±, *^ttg«6«r* > is t>y x lillJi f > ^ ffl o ^cv^-e 

<?->*M^x, 0Ox.if, new* ys*?Mw-}***>ik**, 5MS#j2.tr*^> 

Sr^tjt^l- v - -> 3 > £ t K «t it^l 

&o *4VM4, SfiS? >/*^J!<05WffWU MtW SDS ^ PAGE ^i!) (resolution) 

[ 0 0 5 2] 

— jRtc, ^^MJc^tgf-^ -7 T * ij y^-Wfrz/yj- y y y^<o&W\** 
±127 y t^t©^(?)iStt(:Io'V^ISt i & 0 BMP#-fl*-> ^ y > 
^-^Smad (Smad l;&tf5£-£tf) tMLTfi, Smad ? > 
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J; $ &Smad ^ > ®tf)^#£:t^ $ ■« g|g£ij %m ^ TBMP#^> ^ r> > ^£ 
I*niH s f^o TGF-^fff^v^^i; y^l^f LTfi, Smad 2&aVXfi 
Smad 3^ v zmMXtt^T Is V > ? £±g* £ « i t * s 

-erases tifca&SMdu tie £ KWfflfcMBft't& x 7 &m&tem<onmK 

[ 0 0 5 3] 

— Jttfc, BMP#^v^*J («x.«T, HECT E3 

a. e 3r ^ > T J JET- -If <75WW Kpt ^ > <7)Smad lj? JiSmad 5 PY^ y -\<7)|£^£|S 

[ 0 0 5 4 ] 

£WT, HECT E3o.tr ^f- v; ^"--IfWWK^ >f ^CiSmad 2X(iSmad 3 PY^f-- 7^ 
[ 0 0 5 5 ] 



(32) 1#St 2003-5087 5 5 

m^Z> £ kWTZ&o ft gift LTti, ^a^J^zK, -ffv^>> 7jC, T 

3^3gL< ti^&ffi, «S»?8U Hn-A', IPI^IIiXT 

[ 0 0 5 6 ] 
[ 0 0 5 7] 

^tLTIi, E^Sh^EMHfc, ^-y^'T'-feJK ^^n^-7iT, fcT-X, 
an>f K^ii, y#y-A (-*- AIR/hl) -e&&<> 0. 2-4. o^ 
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mM&MW'l X&Jz&ft^—?* ( LUV ) $K ffiM ft UK 

ifc (RES) ^jfflJiajc'J jKy-AA*S^jc^i-&«|Ri*fiIM1-4o — 

* - YT 4 > if i± > V *° v - A y # y K (W x_ (±\ ^y^n-t JVin.# 

[ 0 0 5 8 ] 

xl WT, y y n - ^ /H&vfteg L<li*"^n-t JUft^, ? > ^ Q ^ K X fi } ) *° V 

^X^5grL<li^^^^«X^t-«t^T»iitt?i4, F(ab')2 N _Fab\ Fab& 

(0.) i:S^^TIi?T?iio 
[ 0 0 5 9 ] 
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Smad *? g v^)K7)in vitro^ff^ J: oT#®r-C§&o 

[ 0 0 6 0] 

mm a. femzti&'<zmfcte&$Mk&Mv>^&. Mx_t±\ 

lift, Efli> I, $TX(i#gPS4 (0Ox.tf, j£t\ lift, 85l*t*U JW#rt 
, ?SM«#I*U (intrameatal) Xfifcilft&lt^ L < lift A) tiotll 

l-mmm (Willf, J: «>agJK<Z>Ev^:£5grL< Iiffl5#«j£»f#. 3Uii«< 

iotfin^ 1 0 ~ 6 0 k g (T>%m^ LT*t 1 0 mL 5 0 

0 raL«ttlT*4o 
[ 0 0 6 1 ] 

[ 0 0 6 2 ] 

**t»0 1 
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Smad ^ y_r$? g <p jx tf g; Xb^ttf E3/Smad ? >£^gfe^^^ffl#j^|fi 
ClO^iiWi, Smad * y/^^a^BM^^^e^f-y-ft:. ^Smad 

[ 0 0 6 3] 

HA^ § Smad *<BSffltife,*K >7>X7x^y a>L/: 0 

]- 9 >X -7 3.9 1/ a > £ *L£:;fflj|&£, 5 0 - 1 0 0 // M <7)^nf7V-A 
M^tjLeu-Leu-Phe (LLF) t^^TXli^Ti: 1 0 0 n g <£>BMPtM fl^ffliek 
SLfco 3fflia*?S»L, IMO^/^H^V-V'fcftefco fcWjvffc (BAbC 
o % Berkeley^ CA) frm^TV^X 9 y fr^x^ ^tz 0 H2[:^tJ:?C, BMP ^ 
Smad 1^ £ |f & L , LLF{± BMP|f Smad Ifrffi Z^Uyfrz. 
[ 0 0 6 4 ] 

Smad lc^in vivo-e^jL >"fl:£IMfi"*~* tztbK, Smad l&tt**? ^-£C 

>s*?M&iZRZ-£fco %Lm£fe2*lfc*nad l^SDS-PAGE^^lt. ^ Tl^HA^ 

fcXmjL^^ic^-yffifo (BAbCo) ^i^^/n? hfcfrofco LLF -e 

[ 0 0 6 5] 

Smad t#^coV*VK^-f > £c?)in v1tro^<^jg^£4^f-$-£ fcg>fc, HA^ ^^ff 
§Smad l^C0S|H|^^T^ia?^^o *t£ Smad 1*, fflfl£}#^!|» 

ifel*3-&fco Wl!&mt£$c&CD^ &S£ifcl*3*Lfc9nad WWP1 WWk^ 

SDS-PAGE^ frtf fz o COSfj m^^O^ 3 2 RfimGST^ > ® £ MM tLXm^tz 
0 WWP1.1 (^i (7)VWI/tj tl - f : LPSGWEQRmPHGRTYWDHNrRTTTWERPQPLPPGWE (gg^rj 

fc^GSTjjl^) (i, PY-t^-^-e^^^Smad 1 (gj 4 > v-> 3 
) < Smad 1 (g|4 f y-^2) fc*S#T4 i t **SfH 3 ftfco ffl v^fcSnad 

1 PY^y^- FffiyiJIi : e^^->-Ahx-PADTPPPAYLPPED-CONH 2 (£?iJ#-^2 2) 
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-C$,19, ^g^^Smad 1 PY^^°^ KSB^Llii : > -Ahx- PADTPPPAHLPPED-C 
0NH 2 (g£3«-^2 7) T?Jfcofco 
[ 0 0 6 6] 

iti^CO^*{±. BMP^, HECT E3jz.e^r^>i;^r-^f*^'trigK*ffl^ , ranad 
[ 0 0 6 7 ] 

HECT E3j_}£^^-y ij # _ _tfWW >* ^ > £ Smad ^ ff PY^^f-^ y^y'f- F<7) 

HECT E3 WW/F^ > <7)PY^^-- 7^00^^^^^-^ 0 
[ 0 0 6 8] 

HEO>^ 4 >E3ij JET— JjfWWPlji, WBP-1 PY^- y^y'^f- Vt 4 
ocoWWK^-f> (WWP1.1, 1.2, 1.3, 1..4) ^^ri"S (Chen^^Sudol, Proc. N 
at "I. Acad. Sci. USA 92:7819-7823, 1995) 0 # Kj* ^ >offi^J fc;?fc£> £ 19 

WWP1.1 : LPSGWGWEQRKJDPHGRTYYVDHNTRTTTWERPQPLPPG 
( !0); 

WWP 1 .2: QPLPPGWERRVDDRRRV YYVDHNTRTTTWQRPTMESVR 

( SB?iJ#^ 11):. 

WWPl .3 : GPLPPGWEKRVDSTDRVYFVNHNTKTTQWEDPRTQGLQ 

( IH?lJ#-^ 12;) and 

WWP 1.4: EPLPEGWEIRYTREGVRYFVDHNTRTTTFKDPRNGKSS (iB5U 
13) 

tifibfco WK^-o*, (0, 1, 3, 10a* g/mL) -e, 2 0 OmM^ 

|£/t-;7r- (Pierce, Rockford, IL) rp 4 -CC— EjflU 9 6 ? ^;Vc7)*° 1; 7, 
l/>S7'yb'f7'l/-h (Costarftgj) -£fc 0 j|g# LT v»W*Kpt >f 



(37) ti2 0 0 3-5 0 8 7 5 5 

X *) ^S-C 2 8$ffly*v y ? Ltzo -C, 7° V- 1- fcTris/Tweeiv* 777- ( 
5 OmMf'J^, PH7. 5. 100 NaCl, 1 m M EDTA^ 1 %BSA > 1 m M DTT 
> 0. l %Tween 20^ yu 7- y - -{£ |E#M * 9 -r (Boeh ringer-Mannheim) ) 
"CiSte L- 7t o 

[ 0 0 6 9] 

-7*lv>fc : 

WBPl ; tf ^- f - y - Ahx- HPGTPPPFYTVGPG-CONH 2 (§£^#^7 2 8) ; 
Nedd ; tf ^--f- y - Ahx- IPCTPPPNYDSLRL-CONH 2 (KI^IJIHt- 2 9) ; 
^^^Nedd; tf^-^>-Ahx-IPGTPPPNHDSLRL-CONH 2 (gg?!l#-^3 0) o 
[ 0 0 7 0] 

-bW h (3 0 ^M) 0 h £ 4 ^T^* &tff $£B£ffl-f 

- > Lfco #cV*t\ ~fV- b ^PBS/ 0 . 1 %Triton XlOO-e^^-t, ^S"C 1 B# 
fig , DELFIA T y-b'f A?77" / 0. 1 %Triton X100^r% 1 M g/ m La^n 
tf ^7 AiH m £ tltzy M/ 7° b 7 tf v > (DELFIA ; Waliac Oy, Turku^ Finland) 

x-y°u~\£ y y\^tzo IS-^LTv^v^^ u tf &mm$ fitzy Y uy'hy^y 

y £ PBS/ 0 . 1 % Tri ton XiOO-effirt L o J-^nt^AS- DELFIA^. > ^ > y 
y h y y t ~ K £■ Z> WfrM'&yfrM'm (time-resolved fluorescence measureme 
nts) OtztbKMWiZ^tZo WlfelZ, DELFIA 1234X{iVictor$s^^j*ft<7) ^ -f 

[ 0 0 7 1 ] 

WBPl^ k fi\ GST-eti; £ < N VWP1 1f^> Lfc (M 5 A 

L£j&>ofc (El 5A~ 5D) 0 
[ 0 0 7 2] 

Smad 1^ 2^ 3^ 5^ 6^rj7 1 ) ^^^Smad PY^~ -7^ y^- y £ 

, WWPlg^coWWKpf ^ >H«fcoTgFteLfc (H6A~ 6D71^ 7A~ 7B) 0 GST-4/W 

KpM V/^Sa^fStW^, 30// g/mLT-BltStfco BSA 
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Cio'OxA'S^n^nfcft, WW K pt y< K £ Smad PY^^- - y^<y° 
•f- K "CyK 5e L o S^ 01 7^yf-K(i> WWPl^ 2 <^>W*K^ -f > fc ^HS^Sit^ffl 
Sf^ffl*^L (WWP1.2 ; [16A~ 6D) ; £ & WBP1 PY^ K <fc V» *> 

& J %K&\ / *mKftm*jjkLtz (I35A~5D) „ Smad 5#afSmad 6^?^K(i, WW 
PI WWk^ /fVi CDilflSnrt^taSf^ffl £;fr«^> s , Smad 7 ^tiSf^ffi fcifc-CC 
»^»^-C*ofc (H 6 A~ 6 P&tf7 A ~ 7 B) „ Smad 1^ 2X(i3^^(7)PY^^-^ -7 

[ 0 0 7 3 ] 

[|U] 



Smad :fr>/N 0 ^ jf PY^E^— 7 



Smad ^>A°^7ft 


py : e^— y^-/^ H 


Smad 7 


ELESPPPPYSRYPM (SB^J#-^ 2 0) 


Smad 6 


GPESPPPPYSRLSP (IB^J#-^ 2 1 ) 


Smad 1 


PADTPPPAYLPPED (BB5?I## 2 2 ) 


Smad 5 


PADTPPPAYMPPDD (@2#|#-£f 2 3 ) 


Smad 2 


IPETPPPGYISEDG (@S^!l#^ 2 4 ) 


Smad 3 


AGLTPPPGYLSEDG (@B^J#^ 2 5 ) 



Smad 7tWWPl WWk^ ^S.VRSPSa*^^ 2 <7)WWk^ J > t OfflEf^fflO# 

t ^ 0 ww k ^ >r >(7) ^ y ^ se £ , 7*-9<o itmi&M^m^M&R * 

y^^ - VfrVtte <t -3 TiNffi Lfc (HI 8 A~ 8 B) 0 M^co^fe^\ WWP1.2^sSmad 
7^y°^ V t<D#1l;Km^m%^Kftm*^-t2> ZtfrTjkLtz (K d =2. 4^ 

[ 0 0 7 4] 

i-jl, li, HECT E3j. tf ^ •f- > ij if — -tfWW K ^ -f > ^sSmad ^>/^®PY 
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[ 0 0 7 5 ] 

jyfeffi) 3 

HECT E3ij gj-jg J 1 H^j^fb^^mj-j^feOg^J L ^ji> T y -tr-f 

ico*ttfO{i, El/E2/E3^{g^£ij-£fHil£ n.fc^tr^r^>^<JD2^*fp 

[ 0 0 7 6] 

ffi.^J^x. E1 (ubc5c) ^f7E2 (ubc7) ^^^r, BostoneBiochhentjc± (Cambridge 
, MA) ^fe^Lfco a-C 3 2 P]-ATP^^c7)[ 3 2 P]-*77i- h^GST-Ub 

B) fi^O £ £ *3 -C* £ : 5 0 mM Tris N pH 7 . 6 , i m M ATP, 0 . 2 m M EDTA 
„ 5 mM MgCI 2 , i J£ j£c7)fcH tTn*^7r^--if, 0 . 0 0 5 %Triton 

~Bl.xi\ ^mx^^hxjKU y Q o. o 3 o mL<r>fcj&m*¥fcyz.<o$Lfri3 % J£fc.-t& : 

50~200ngcoEl N 0 . I~l^gc7) E2^y? 5 ^ g c7)GST-Ub Q ^fi-CRtB; £ 
f?V^ )V^y°9 >&tt L^V^SD^PAGEn^-rV yv^v y r --^W±$-&tz 
0 SDS^PAGEm; o"CKJSJ»S:##rLfco E1 &0' E2 (ubc 5c^y?ubc7) <^jgf*glSfit 

[ 0 0 7 7] 

HECT E3rj #-^^<aK»*fMlli"*~*fc*. mZfL* £ 1 WWPl^ 6 1 1- 
9 8 5X(i 6 1 1 - 9 9 0 <D$lX£ c^tt" & WP1 HECTj^ r/ 5 0 - 1 0 0 n 
g£«]LT, _hfSc^>J: 3 ^ -tM £fr ofc 0 c\fih(D V ^ 4 y <D%iM ^ TIE 
: 

WWP1 HECTk^ ^> 611-985: 
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GFRWKLAHFRYLCQSNALPSHVKINVSRQTLFEDSFQQIMALKPYDLRR 

RLYVIFRGEEGLDYGGLAREWFFLLSHEVLNPMYCLFEYAGKNNYCLQI 

NPASTINPDHLSYFCFIGRFIAMALFHGKFIDTGFSLPFYKRMLSKKLTIKX) 

LESiDTEFYNSLIWIRDNNIEECGLEMYFSVDMEILGKVTSHDLKLGGSNI 

LVTEENKDEYIGLMTEWRFSRGVQEQTKAFLDGFNEVVPLQWLQYFDE 

KELEVMLCGMQEVDLADWQRNTVYRHYTRNSKQIIWFWQFVKETDNF 

VRMRLLQFVTGTCRLPLGGFAELMGSNGPRNSQKFCIEKVGKDTWLPR 

HTCFNRLDLPPYKSYEQLKEKLLFAIEETE ( gB^IJ#-^ 31) 



WWP1 HECTk^ ^> 611-990! 

GFRWKLAHFRYLCQSNALPSHVKINVSRQTLFEDSFQQIMALKPYDLRR 
RLYVIFRGEEGLDYGGLAREWFFLLSHEVLNPMYCLFEYAGKNNYCLQI 
NPASTINPDHLSYFCFIGRFIAMALFHGKFIDTGFSLPFYKRMLSKKLTIKJD 
LESIDTEFYNSLIWIRDNNIEECGLEMYFSVDMEILGKVTSHDLKLGGSNI 
L VTEENKDEYI G LMTE WRFSRG VQEQTKAF LDGFN E WPLQ WLQ YFD E 
KELEVMLCGMQEVDLADWQRNTVYRHYTRNSKQIIWFWQFVKETDNE 
VRMRLLQFVTGTCRLPLGGFAELMGSNGPRNSQKFCIEKVGKDTWLPRS 
HTCFNRLDLPPYKSYEQLKEKLLFAIEETEGFGQE ( Kl 32). 



WWP1(7)HECTk^ ^ ytf^ El/-ubc5CX(iEVubc7(75v^-f tlfrK £ ^Tf^-f 
■ZflX^&ZLkW&Ztlt: (mi 0 A ~ 1 O^SLV 1 lA~ i iQ 0 jg^HECTK^ 
^y-C^-S^Pl (6 1 1 - 9 8 5) <D&ilK lo^i^fv^Ci^t, S 
P> < ^60^t4f^60 -r yCfir- v £ *Lfc 0 WWP 1 ( 6 1 1 - 9 8 5 ) *M 

(M 1 1*&TF 1 1 B, Jfc«V- > 4 ~ V- > 2) 0 £v>HECTK;* -f > 

-e&&wwpi (611-990) SSS^teo&i&fcirtLrt: (mi oA&tM 

0B) 0 ubc5cxfiubc7co^-f JijHcJ: oTM? tl&WPl (6 1 1 - 9 9 0) S 
JB<D ¥ 4 A 3- X (4, E2 ubc5c^ VWtfPl ( 6 1 1 - 9 9 0 ) OflftHfcfc <fc >9 
&f)t^^ii^Lt (@1 2A~1 29 0 GST-jLif^r^V <7)^£{4, 
*fl (>2 0 1 kDa) oommtffiKbT^fco 
[ 0 0 7 8 ] 

[ 0 0 7 9] 
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2003-508755 



SEQUENCE LISTING 



<110> Signal Pharmaceuticals, Inc. 
Heokstra, Merl F. 
Xie, Weilin 
Murray, Brian 
Me r cur i a , Frank 



<12Q> METHODS FOR MODULATING SIGNAL 

TRANSDUCTION MEDIATED BY TGF-BETA AND RELATED PROTEINS 



<.130> 860098. 433PC 

<14Q> PCT 

<141> 2000-06-29 

cl60> 32 

<170> FastSEQ for Windows Version 3.0 

<210> 1 

<211> 108 

<.212> PRT 

<:213> Homo sapien 

<220> 

<22I> VARIANT 
<222> (1) 

<223> Xaa = Tyrosine or Phenylalanine 

<221> VARIANT 
<222> (2) . . . (4) 

<223> Xaa = any amino acid; 0-1 residues may be missing 

<221> VARIANT 
<222> £S) . . . (1€) 

<223> Xaa -> any amino acid; 0-3 residues may be missing 

<221> VARIANT 

<222> (20) ... (20} 

<223> Xaa = any amino acid 

<221> VARIANT 
<222> (22) . . , (22} 

<223> Xaa = Valine, Isoleucine or Leucine 

<221> VARIANT 

<222> (23) . , . (27) 

<223> Xaa = any amino acid 

<221> VARIANT 
<222> (29) . . . (29) 
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<22 3> Xaa = any amino acid 

<221> VARIANT 

<222> (30) . . . (30) 

<223> Xaa Lysine or Arginine 

<221> VARIANT 

<222> (31} . . . (33) 

<223> Xaa = any amino acid 

<221> VARIANT 

<222> (34} . . . (34) 

<223> Xaa = Leucine or Valine 



<221> VARIANT 

<222> (37} . . . (37) 

<223> Xaa ~ Valine or Leucine 



<221> VARIANT 

<222> (40} . , . (40) 

<223> Xaa = Threonine or Serine 



<221> VARIANT 

<222> (41} . . . (41) 

<223> Xaa = any amino acid 



<221> VARIANT 
<222> (45) . . . (45) 

<223> Xaa - Leucine, Valine, Methionine, Alanine or 
Isoleucine 



<221> VARIANT 

<222> (46) . . . (46) 

<223> Xaa = any amino acid 

c221> VARIANT 

<222> (49} . . . (5Q) 

<223> Xaa = any amino acid 



<221> VARIANT 
<222> (52) . . . (61) 

<223> Xaa m any amino acid; 0-6 residues may ne missing 

<221> VARIANT 
<222> (S3) . . , (71) 

<223> Xaa = any amino acid; 0-2 residues may be missing 



<221> VARIANT 

<222> (74} . . . (75) 

<223> Xaa. - any amino acid 

<221> VARIANT 

<222> (SI) . , . (81) 

<223> Xaa = any amino acid 
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<221> VARIANT 

<222> {86) . . . (86) 

<223> xaa = any amino acid 

<221> VARIANT 

<222> {885 . . . (88) 

<22 3> Xaa = any amino acid 

<221> VARIANT 

<222> {90) . . . (92) 

<:223> Xaa = any amino acid 

<221> VARIANT 
<222> (93)... (93) 

<223> Xaa = Leucine or Methionine 

<221> VARIANT 

<222> {94) ... (95) 

<223> Xaa any amino acid 

<22X> VARIANT 

<222> (9C) . , . (96) 

<223> Xaa = Arginine or Lysine 

<221> VARIANT 

<222> (98) . . . (99} 

<22 3> Xaa - any amino acid 

<22l> VARIANT 
<222> (102) . . „ (107) 

<223> Xaa = any amino acid; 0-2 residues may be missing 

<400> 1 
Xaa Xaa Xaa Xaa Tyr Xaa 

1 5 
Trp Phe Trp xaa lie Xaa 
20 

Xaa Xaa Gin Phe xaa Thr 

35 

Xaa Xaa Leu Xaa Xaa Xaa 
50 

Xaa Xaa Xaa Xaa Xaa Xaa 
65 70 
Xaa Leu Asp Leu Pro Xaa 
85 

Leu Xaa Xaa Ala He Xaa 
100 

<210> 2 
<211> 33 
<212> PRT 
<213> Homo s apian 



Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

10 15 
xaa xaa Xaa Xaa Xaa Glu Xaa Xaa Xaa Xaa 

25 30 
Gly Xaa Xaa Arg Leu Pro Xaa Xaa Gly Phe 

40 45 
Xaa Xaa xaa Xaa Xaa Xaa Xaa He xaa xaa 
55 60 

Xaa Leu Pro Xaa Xaa His Thr Cys Phe Asn 

75 80 
Tyr Xaa Ser Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

90 95 
Xaa Xaa Xaa Xaa Xaa Phe 
105 



<220> 

<221> VARIANT 



(44) 
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<222> (5) . . . (5) 

<223> Xaa = any amino acid 

<221> VARIANT 

<222> (9) . . . {11} 

<223> Xaa = any amino acid 

<221> VARIANT 
<222> (12)... (14) 

<223> Xaa = independently selected polar amino acid 
(e.g, , S,H r P,D, E r T or Y) 

<221> VARIANT 
<222> (16) . . . (16) 

<223> Xaa = independently selected polar amino acid 
(e.g. r S,H,P,D, E,T or Y) 

<221> VARIANT 

<222> (17) . . . (17) 

<223> Xaa = any amino acid 

<221> VARIANT 
<222> {20} . , . (20) 

<223-> Xaa * hydrophobic residue (e.g., I,V,L or M) 

<221> VARIANT 

<222> (21) . . . (21} 

<223> Xaa *= any amino acid 

<221> VARIANT 
<222> (25) . . . (25) 

<223> Xaa = independently selected polar amino acid 
(e.g. , S,H,P,D,E,T or Y) 

<221> VARIANT 
<222> (28) , . . (2B) 

<223> xaa = independently selected polar amino acid 
(e.g., S,H,P,D,E,T or Y) 

<221> VARIANT 

<222> {30} . . . (30) 

c223> Xaa - any amino acid 

<221> VARIANT 
<222> (31) . . . (31) 

<223> Xaa = independently selected polar amino acid 
(e.g. , S,H r P,D,E r T or Y) 

<221> VARIANT 
<222> (33) , , . (33) 

<223> Xaa ~ independently selected polar amino acid 
(e.g, , S r H f P,D,E,T or Y) 

<40Q> 2 

Gly Pro Leu Pro Xaa Gly Trp Glu Xaa Xaa Xaa Xaa Xaa Xaa Gly Xaa 
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IS 10 15 

Xaa Tyr Tyr Xaa Xaa His Asn Thr Xaa Thr Thr Xaa Trp Xaa Xaa Pro 
20 25 30 

Xaa 



<210> 3 

<211> 38 

<212> PRT 

<213> Homo sapien 



<400> 3 

Ser Pro Leu Pro Pro Gly Trp Glu 

1 5 
Thr Tyr Tyr Val Asn His Glu Ser 
20 

Thr Pro Gin Asp Asn Leu 

35 



Glu Arg Gin Asp lie Leu Gly Arg 

10 IS 

Arg Arg Thr Gin Trp Lys Arg Pro 
25 30 



<210> 4 

<211> 38 

<212> PRT 

<213> Homo sapien 



<400> 4 

Ser Gly Leu Pro Pro Gly Trp Glu 

1 5 
Thr Tyr Tyr Val Asn His Glu Ser 
20 

Thr Pro Gin Asp Asn Leu 
35 



Glu Arg Gin Asp He Leu Gly Arg 

10 15 

Arg Arg Thr Gin Trp Lys Arg Pro 

25 30 



<210> 5 

<211> 38 

<212> PRT 

<213> Homo sapien 



<400> 5 

Gly Phe Leu Pro Lys Gly Trp Glu 

1 5 
Pro Phe Phe lie Asp His Asn Thr 
20 

Arg Leu Lys He Pro Ala 
35 



Val Arg His Ala Pro Asn Gly Arg 

10 15 
Lys Thr Thr Thr Trp Glu Asp Pro 
25 30 



<210> 6 

<211> 38 

<212> PRT 

<213> Homo sapien 



<4Q0> 6 

Gly Pro Leu Pro Pro Gly Trp Glu 

1 5 
He Phe Tyr He Asn His Asn He 
20 



Glu Arg Thr His Thr Asp Gly Arg 

10 15 
Lys Arg Thr Gin Trp Glu Asp Pro 
25 30 
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Arg Ifeu Glu Asn Val Ala 
35 



<210> 7 

<211> 3S 

<212> PRT 

<213> Saccharomyces cerevisiae 



<400> 7 

Gly Arg Leu Pro Pro Gly Trp Glu 

1 5 
Thr Tyr Tyr Val Asp His Asn Thr 
20 

Thr Leu Asp Gin Thr Glu 
35 



Arg Arg Thr Asp Asn Phe Gly Arg 

10 15 
Arg Thr Thr Thr Trp Lys Arg Pro 
25 30 



<2io> a 

<211> 3B 
<2\2> PRT 

<213> Saccharomyces cerevisiae 



<400> a 

Gly Glu Leu Pro Ser Gly Trp Glu 

1 5 
Ala Tyr Phe val Asp His Asn. Thr 
20 

Arg Arg Gin Gin Tyr lie 
35 



Gin. Arg Phe Thr Pro Glu Gly Arg 

10 15 

Arg Thr Thr Thr Trp Val Asp Pro 
25 30 



<210> 9 
<211> 38 
<212> PRT 

<213> Saccharomyces cerevisiae 



<4D0> 9 

Gly Pro Leu Pro Ser Gly Trp Glu 

1 5 
Val Tyr Phe Val Asp His Asn Thr 
20 

Arg Leu Pro Ser Ser Leu 
35 



Met Arg Leu Thr Asn Thr Ala Arg 

10 15 
Lys Thr Thr Thr Trp Asp Asp Pro 
25 3Q 



<210> 10 

<211> 36 

<212> PRT 

<213> Homo sapien 

<400> 10 
Leu Pro Ser Gly Trp Gly Trp Glu 

1 5 
Thr Tyr Tyr Val Asp His Asn Thr 
20 

Gin. Pro Leu Pro Pro Gly 
35 



Gin Arg Lys Asp Pro His Gly Arg 

10 15 
Arg Thr Thr Thr Trp Glu Arg Pro 
25 30 
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<210> 11 

<211> 38 

<212> PET 

<213> Homo sapien 

<40Q> II 

Gin Pro Leu Pro Pro Gly Trp Glu Arg Arg Val Asp Asp Arg Arg Arg 

15 10 15 

Val Tyr Tyr Val Asp His Asn Thr Arg Thr Thr Thr Trp Gin Arg Pro 

20 25 30 

Thr Met Glu Ser Val Arg 
35 

c210> 12 

<211> 38 

<2l2> PRT 

<213> Homo sapien 

<4Q0> 12 

Gly Pro Leu Pro Pro Gly Trp Glu Lys Arg Val Asp Ser Thr Asp Arg 

15 10 15 

Val Tyr Phe Val Asn His Asn Thr Lys Thr Thr Gin Trp Glu Asp Pro 

20 25 30 

Arg Thr Gin Gly Leu Gin 
35 

<210> 13 

<211> 36 

<212> PRT 

<213> Homo sapien 

<400> 13 

Glu Pro Leu Pro Glu Gly Trp Glu lie Arg Tyr Thr Arg Glu Gly Val 

15 10 15 

Arg Tyr Phe Val Asp His Asn Thr Arg Thr Thr Thr Phe Lys Asp Pro 

20 25 30 

Arg Asn Gly Lys Ser Ser 
35 

<210> 14 

<211> 4 

<212> PRT 

<213> Homo sapien 

<220> 

<221> VARIANT 

<222> (3) ... (3) 

<223> xaa = any amino acid 

<40Q> 14 
Pro Pro Xaa Tyr 
1 



<210> 15 
<211> 6 
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<212> PRT 

<213> Homo sapien. 



<220> 

<221 > VARIANT 
<222> (1) 

<223> Xaa = Serine or Threonine 



<221> VARIANT 
<222> (5) ... (5) 

<223> Xaa Proline, Alanine or Glycine 



<400> 15 
Xaa Pro Pro Pro Xaa Tyr 
l 5 



<210> 16 

<211> € 

<212> PRT 

<213> Homo sapien 

<40O> 16 
Thr Pro Pro Pro Ala Tyr 
1 5 



<210> 17 

<211> 14 

<212> PRT 

<213> Homo sapien 



<22Q> 

<221> VARIANT 
<222> (10) . . . (10) 

<223> Xaa = Leucine or Methionine 



<400> 17 

Pro Ala Asp Thr Pro Pro Pro Ala Tyr Xaa Pro Pro Pro Asp 
15 10 



<210> 18 

<211> 6 

<212> PRT 

<213> Homo sapien 

<400> 19 
Thr Pro Pro Pro Gly Tyr 
l 5 



<210> 13 

<211> 11 

<212> PRT 

<213> Homo sapien 



c220> 

<221> VARIANT 



(49) 
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<222> 
<223> 



(7) ... (7) 

Xaa = isoleucine or Leucine 



Thr 
1 



<400> 
Pro Pro 



19 

Pro Gly Tyr Xaa Ser Glu Asp Gly 
5 10 



c21Q> 20 

<211> 14 

<212> PRT 

<213> Homo sapient 

<400> 20 

Glu Leu Glu Ser Pro Pro Pro Pro Tyr Ser Arg Tyr Pro Met 
15 10 

<210> 21 

<211> 14 

<212> PRT 

<213> Homo sapien 

<400> 21 

Gly Pro Glu Ser Pro Pro Pro Pro Tyr Ser Arg Leu Ser Pro 
1 5 10 

<210> 22 

<211> 14 

<212> PRT 

<213> Homo sapien 

<400> 22 

Pro Ala Asp Thr Pro Pro Pro Ala Tyr Leu Pro Pro Glu Asp 
15 10 

<210> 23 

<211> 14 

<212> PRT 

<213> Homo sapien 

<40Q> 23 

Pro Ala Asp Thr Pro Pro Pro Ala Tyr Met Pro Pro Asp Asp 
15 10 

<210> 24 

<211> 14 

<212> PRT 

<213> Homo sapien 

<400> 24 

lie Pro Glu Thr Pro Pro Pro Gly Tyr He Ser Glu Asp Gly 
15 10 

<210> 25 
<211> 14 
<212> PRT 
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<213> Hotno sapien 
<4QQ> 25 

Ala Gly Leu Thr Pro Pro Pro Gly Tyr Leu Ser Glu Asp Gly 
15 10 

<210> 26 

<2ll> 38 

<212> PRT 

<213> Homo sapien 

<400> 26 

Leu Pro Ser Gly Trp Glu Glu Arg Lys Asp Pro His Gly Arg Thr Tyr 

15 10 15 

Tyr Val Asp His Asn Thr Arg Thr Thr Thr Trp Glu Arg Pro Gin Pro 

2Q 25 30 

Leu Pro Pro Gly Trp Glu 
35 
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<212> PRT 

<223> Homo sapien 

<400> 27 

Pro Ala Asp Thr Pro Pro Pro Ala His Leu Pro Pro Glu Asp 
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<212> PRT 

<213> Homo sapien 
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His Pro Gly Thr Pro Pro Pro Pro Tyr Thr Val Gly Pro Gly 
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lie Pro Gly Thr Pro Pro Pro Asn His Asp Ser Leu Arg Leu 
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